Small water enterprises (SWEs) are water delivery operations that predominantly provide water at the community level. SWEs operate beyond the reach of piped water systems, selling water to households throughout the world. Their ubiquity in the developing world and access to vulnerable populations suggests that these small-scale water vendors may prove valuable in improving potable water availability. This paper assesses the current literature on SWEs to evaluate previous studies and determine gaps in the evidence base. Piped systems and point-of-use products were not included in this assessment. Results indicate that SWEs are active in urban, peri-urban and rural areas of Africa, Asia and Latin America. Benefits of SWEs include: no upfront connection fees; demanddriven and flexible to local conditions; and service to large populations without high costs of utility infrastructure. Disadvantages of SWEs include: higher charges for water per unit of volume compared with infrastructure-based utilities; lack of regulation; operation often outside legal structures; no water quality monitoring; increased potential for conflict with local utilities; and potential for extortion by local officials. No rigorous, evidence-based, peer-reviewed scientific studies that control for confounders examining the effectiveness of SWEs in providing potable water were identified.
INTRODUCTION
African cities (Collignon & Vezina 2000) . A study by Conan for the Asian Development Bank (ADB) determined that the range of activity for SWEs was between 6% and 44% of the water market in eight Asian cities (Conan 2003) .
The Johns Hopkins University Center for Water and Health
conducted an extensive literature assessment on SWEs to evaluate the contribution of these providers to the delivery of potable water, the diversity and distribution of SWE market implementation models and to determine the gaps in existing evidence of SWE effectiveness.
Access to safe drinking water is a global public health priority as indicated by Goal Seven of the United Nations (UN) Millennium Development Goals (MDGs), which aims to halve the proportion of people without access to doi: 10.2166/wh.2009.213 sustainable safe drinking water by 2015 (UN 2000) . One solution that has emerged as a potential mechanism towards achieving Goal Seven is providing drinking water sold by vendors at the community level or directly to households as opposed to water that is delivered through piped water supply systems. Although water supplied by small-scale water vendors is not included in internationally recognized definitions of safe drinking water, as this water is not considered to originate from 'protected' sources, their ubiquity in the developing world and their access to vulnerable populations suggests that small-scale water vendors may prove valuable in improving potable water availability (UN/UNESCO 2003).
Achievement of MDG Goal Seven will be difficult for numerous reasons. Many communities have never had access to public water infrastructure, particularly in Africa and Asia, and many existing piped water supply systems in low-income countries are falling into disrepair, forcing households to search out alternatives (Thompson et al. 2000 ; Lee & Schwab 2005) . Urban and peri-urban populations continue to expand; an estimated 90% of the growth in global population between 2000 and 2025 is expected to occur in urban areas of least developed countries, according to a report from the Population Reference Bureau (Brockerhoff 2000) . Additionally, expansion of water utilities is at risk according to a 2005 World Bank study which reported that government and private sector funding for major infrastructure investments in the water sector is being scaled back (Kariuki & Schwartz 2005) . It is estimated that almost half of the urban and periurban areas in Africa are dependent on water sources other than public utilities (Collignon & Vezina 2000) . Large-scale water systems take years to plan and build along with millions of dollars to fund. Thus, solutions to improving access to potable water by 2015 are predominantly focused on enhancing existing water sources and on methods to improve drinking water quality in a cost-effective manner.
The objectives of this landscape assessment were to assess the available literature on SWEs along with implementation methods and technologies used by smallscale providers to distribute potable drinking water to populations that are beyond the reach of existing improved water supplies. This assessment does not include piped or networked water supply systems nor does it focus on policy or governmental regulations. Additionally, this assessment will recommend a research agenda to advance knowledge on effective methods of potable water provision by SWEs.
METHODS
A broad review of the literature on SWE was conducted.
Online searches for relevant literature were conducted through large search engines and topic-specific websites. Table 1 provides the list of sources searched for relevant documents and articles. Documents and articles were also obtained from researchers and organizations working in the field along with articles identified through reference lists from previously identified research papers.
Articles collected during the search were then screened for relevance. Any materials pertaining solely to tariffs, piped or networked systems, point-of-use water treatment, policy or regulations were excluded from the review unless they specifically detailed small-scale water providers. There was insufficient peer-reviewed literature on SWE use of rainwater harvesting for this process to be included.
Additionally, this assessment did not address the ongoing debate within the water sector on water as an economic good versus basic entitlement (Allen et al. 2006) .
There is no one universally accepted terminology describing the water providers evaluated in this assessment.
Key words used during literature searches included: private water vendors, small-scale independent water providers, small water enterprises, small water entrepreneurs, small and medium entrepreneurs and small service providers.
Throughout this document, these water providers will be referred to as SWEs.
Articles which met the selection criteria were then assessed in detail for the quality and characteristics of the study as well as the key findings of the research. Articles were categorized into four levels of relevance for this assessment ( Table 2 ). The greatest weight of evidence was given to those documents in the first level with progressively less weight to the subsequent levels.
Data provided within articles and documents were also categorized using the following characteristics: population covered (urban, peri-urban, rural), vendor type (tankers, carters, water kiosks, carriers), financing model (microcredit, micro-loan, micro-franchising) and water treatment technology (filtration, ultraviolet radiation, chlorine, reverse osmosis, solar, other).
RESULTS
One hundred and twenty documents were reviewed for this assessment and 62 of these documents were found to be relevant. Many of the documents excluded from the final analysis focused only on networked systems and, therefore, did not meet the inclusion criteria. The following sections provide data collected from review of the relevant documents.
Overview of SWE research
Recognition of the vast numbers of households in lowincome countries which depend on SWEs has grown dramatically since the 1980s. One of the earlier studies to examine water vending was conducted by Zaroff & Okun (1984) . Vendors were viewed as an interim solution before utilities were built or completed. The researchers noted that SWEs were most active in areas that had multiple barriers to piped systems or where the utility-supplied water was unsanitary or inconvenient. Barriers to constructing piped systems included terrain that was difficult to access with piping, high costs of utilities, squatter settlements that are not officially recognized, rural areas where housing is extremely spread out and peri-urban areas that spring up too quickly for utilities to keep pace (Zaroff & Okun 1984) . case studies of successful independent water suppliers which were found to be widespread in low-income countries (Cairncross 1992; Komives & Cowen 1998; Snell 1998; Solo 1998 Solo , 1999 . In a literature review of non-state providers, Moran & Batley (2004) speak of this 'paradigm shift from supply-side to demand-side management' in the water sector having important implications for the way (Crane 1994; Moran & Batley 2004 ).
In many areas, the combination of public utility water and private vendors in urban areas has created a dual system of supplied water, as described by Moran & Batley (2004 Owing to the lack of network water supply to marginalized populations, research has focused attention on alternative methods of water provision. The prevalence and importance of SWE have been well described in several large studies and reviews. These articles form the basis for much of the ongoing research into SWEs. Snell (1998) Table 3 provides a summary of the key findings of these studies.
Types of vendor
The literature provides descriptions of a wide variety of SWEs; there is no one standard definition because of their informal and improvisational nature (Kariuki & Schwartz 2005) . The services and distribution types of SWE can best be described using terms first used by World Bank studies, which divide water providers into three broad categories: Tankers may also be used by distributing vendors, delivering water to wealthier households that have large storage tanks or to large facilities such as hotels or restaurants. Tankers are also used during festivals and special events such as weddings to supply large quantities of drinking water. Distributing vendors tend to charge the highest price since they provide the most customer service (e.g. delivering to the door) and serve peak demands for people who have little time for water collection or can pay for the convenience (Snell 1998) . 
Key characteristics of SWEs
There are a number of general characteristics of SWEs which are commonly described in the literature. SWEs are found to operate in a wide variety of settings including urban, peri-urban and rural areas, particularly in informal settlements, in almost all low-income countries. Informal settlements are not officially or legally recognized, which frequently precludes governmental utilities from delivering services. Examples can be found in the literature which detail SWEs functioning successfully in these settlements (Zaroff & Okun 1984; Solo 1999) . It is estimated that, in many instances, informal settlements can make up to 50%
of some urban and peri-urban populations (Plummer 2002) .
Multiple studies describe a leading benefit of SWEs to be their ability to adapt to local conditions and norms. In many Another commonly recognized benefit of SWEs is their ability to cater to poor households by allowing the intermittent purchase of water in quantities these households can afford. SWEs supply drinking water to all income levels but it is typically the low-income households that are most dependent on this source of water (Solo 1999) .
While piped systems often require an upfront connection fee, SWEs require no large fee and have been found to allow flexibility of payment and even short-term credit to their customers (Collignon & Vezina 2000; Plummer 2002 ).
In some urban areas in Africa, there has been a documented rise in door-to-door delivery by water vendors who have purchased their supply from local vendors and resell to households. This phenomenon has come about as more household members work away from home leaving fewer people at home to haul water (Collignon & Vezina 2000) . However, in almost all instances, the microbial and chemical quality of vended water is unknown and not monitored.
Regional differences in SWEs
The majority of documents available on small-scale, non- water utility connections to resell municipal water (Crane 1994) . He found a significant number of households switched from standpipes and vendors to resold municipal water after deregulation.
Latin America and the Caribbean
In Latin America and the Caribbean, water vendors tend to provide mostly piped water service to peri-urban, small town and rural populations (Kariuki & Schwartz 2005) .
Solo has written extensively on the water vending activities of aguateros and others, who construct small network systems to extend public utilities in unincorporated areas and whose activities have been documented in Peru, Honduras and Guatemala (Solo 1998 (Solo , 1999 (Solo , 2003 
Other regions
Kariuki & Schwartz's literature review highlights regions in which water vending has not been well described but is thought to be active. These regions include some of the world's largest populations such as China, Russia, Brazil, Mexico, the Middle East, North Africa and Central Asia (Kariuki & Schwartz 2005) .
Drinking water market and financing
Despite decades of subsidies for water utility systems, poor populations are currently paying for their water throughout the world and often paying more than affluent populations.
There is an estimated US$20 billion annual household water market base among the 3.96 billion low-income consumers who live primarily in developing countries considered to be at the 'base of the pyramid' (Hammond et al. 2007 ) (see Table 4 ).
In much of the early SWE research, water vendors were thought to be exploiting vulnerable populations by charging extravagant prices where alternative water sources were scarce. Prices were reported to be up to 40 times that charged by water utilities in areas where the utility supplied the water which was then trucked or carted to neighbouring areas beyond the water lines (Zaroff & Okun 1984) . scale (Snell 1998; Solo 1999; McIntosh 2003) . There have been efforts to regulate vended water but the evidence suggests the fixed-price approach is often not successful.
Even where contracts have been arranged between water utilities and vendors to set a resale price of utility-derived water in order to ensure the subsidy is passed on to the customer, the actual resale price has been shown to be higher than the set price (Collignon & Vezina 2000) .
SWEs provide a demand-driven water supply which allows basic water service to be sustainable without the input of subsidies. Private water vending is a competitive business in most areas and prices are set to cover costs (Solo 1999) . At times when money is needed for their business, SWEs typically raise funds from informal sources to finance the purchase of equipment such as carts, trucks or kiosks. 
Water quality
There has been minimal research regarding the microbiological and chemical quality of water sold through SWEs. Many articles reviewed for this assessment suggest that vended water tends to be of poor quality, but no published documents supported this conclusion with water analysis or other research results (Crane 1994; Albu & Njiru 2002; WSP 2005; Hammond et al. 2007) . Two unpublished studies were found which discuss water quality parameters; the first is a survey conducted by the Aquaya Institute and the Dian Desa Foundation in Yogyakarta, Central Java, in September 2007 (Albert et al. 2008) , in which water samples from kiosks in Central Java were analysed and found to be delivering improved drinking water. The other unpublished study, from Ghana, compared factory-sealed water sachets with hand-packaged sachets and found the hand-packaged sachet water to have significantly more bacterial contamination (Okioga 2007) . For SWEs that rely on buying water from utility systems, the quality of water later resold through kiosks, sachets or other outlets is dependent on the treatment and water pressure (i.e. to prevent pollutant intrusion) within the system along with the hygiene practices of the SWE (Collignon & Vezina 2000) .
Consumer perception of vended water varies widely.
In a study from urban Nigeria, consumers considered vended water to have better water quality and chose vended water for drinking and cooking while using water from other sources, such as hand-dug wells, surface water and rainwater, for cleaning. However, the Nigerian study did not include any water quality analysis to confirm this perception (Whittington et al. 1991) . Whittington et al.
also noted in their 1991 willingness-to-pay article that households typically felt that vended water was more reliable than utility-supplied water. In contrast, Solo reported on vended water in Argentina that was less expensive than utility supply but thought to be inferior because of the sulphur content that had not been removed (Solo 2003) .
Addressing the water quality of vended water through SWEs presents a dilemma. SWEs are often not officially recognized or regulated, which allows them to operate outside legal requirements and without regard to the quality of the water they sell (Batley 2006) . However, instituting water quality regulations that are in line with international standards has the potential to induce governmental fees and hardships on the providers and force many of the vendors out of business. Improving water quality will take a twoprong approach: a strong marketing campaign to ensure a demand for potable water along with effective capacitybuilding of SWEs to ensure ongoing water quality and hygiene. reports a number of strengths in the SWE models, especially their flexibility and responsiveness to customers in some of the world's most inaccessible regions. However the quality and affordability of the water supplied by these vendors continue to be unknown and evidence of their effectiveness in improving health outcomes for the populations they serve is missing. There is ample evidence that poor households are currently paying for water and that in many instances the water's quality is questionable. Kariuki & Schwartz (2005) conclude that much of the existing literature consists of opinion based on case studies rather than data collection.
Mitlin (2002) also points out that, despite much interest in the private sector involvement in small-scale water supply, there is little evidence of the effects of these involvements with respect to price and extension of services.
Understanding the values consumers place on benefits delivered by SWEs beyond water quality is also necessary to better tailor targeted product and service offerings that realize broad consumer acceptance. To accomplish this, it is important that researchers contribute to an ongoing understanding of the benefits and risks of safe water provision focusing on how consumers value the various attributes and the benefits of SWE water provision.
Similarly, there is a need to understand the market drivers including consumer demand, pricing and profit structure for each component of SWE water provision. This will help identify best practices and opportunities to optimize operations, marketing, funding and pricing programmes. In addition to identifying promising opportunities, these insights will help to inform policy makers about the potential viability and acceptability of alternative approaches in order to have the largest impact on beneficiary populations.
There is a clear need for rigorous evidence on the effectiveness of SWE models designed to deliver potable water through implementation of randomized, controlled studies of SWEs. These studies should include not only delivery of safe water but also evaluation of market effectiveness and appropriate business models. There are many aspects of SWEs that require field-based, community-level research (Table 5 ). To date most of the available reports are not peer reviewed and lack the rigour of systematic data gathering. Although market demands will continue to drive SWE development, ideal systems or models may be delayed or undeveloped if evidence-based analysis in this critical area of public health is not conducted.
